Vilazodone is a novel antidepressant having a selective serotonin (5-HT) reuptake inhibitor and 5-HT1A receptor partial agonist profile, so it has been regarded as a serotonin partial agonist-reuptake inhibitor (SPARI). We aimed to provide Vilazodone's clinical implications mainly by reviewing published clinical trials. Vilazodone has been speculated to have three potential benefits including faster onset of action, greater efficacy, and better tolerability owning to its SPARI properties. However, no studies conducted so far have directly proven the above speculations. Five initial phase II trials failed to distinguish vilazodone from placebo in the treatment of MDD, but 4 randomized clinical trials (RCT), 3 post-hoc or pooled analysis, 1 long-term open label study, and a meta-analysis showed vilazodone's superior efficacy over placebo. The studies also showed vilazodone is generally safe and tolerable. However, diarrhea, nausea, headache, dizziness, dry mouth, and insomnia warrant close attention in clinical practice because they have been constantly noted throughout the clinical studies. 2 RCTs recently documented the efficacy and safety of vilazodone in patients with generalized anxiety disorder, which could be a start of broadening vilazodone's usage or FDA approval in diverse anxiety disorders.
INTRODUCTION
Major depressive disorder (MDD), which has a lifetime prevalence of 15-20%, is a debilitating illness affecting patients' general lives by causing severe functional impairment. 1 Despite numerous antidepressants being available, more than 30% of patients with MDD do not achieve adequate relief. 2 Other important obstacles with conventional antidepressants such as selective serotonin reuptake inhibitors (SSRI) and selective serotonin and norepinephrine reuptake inhibitors (SNRI) include the therapeutic lag (approximately 2-4 weeks) between administration and onset of clinical improvement and safety and tolerability issues such as sexual dysfunction. [3] [4] [5] Therefore, additional novel antidepressants are needed to overcome the above obstacles of the conventional antidepressant.
The monoamine hypothesis of depression has been the subject of controversy for more than a decade. 6 In order to provide a mechanisms beyond monoamines, diverse potential agents targeting glutamate receptors, promoting neuroplasticity, modulating cholinergic transmission, and enhancing neuroinflammation and gamma-butyric acid (GABA) transmission were tested. [6] [7] [8] However, none of these agents have yet successfully developed as an antidepressant, so almost all antidepressants available are based on monoamine theory. Thus, the action mechanism of antidepressants has inevitably moved from multiple monoamine transporters/receptors (Monoamine inhibitors and Tricyclic antidepressants) first to selective (SSRI/ SNRI) and then recently to selectively multiple. In this respect, the introduction of vilazodone, an antidepressant which received FDA approval for the treatment of major de- 25 pressive disorder (MDD) in 2011, 9 is timely because it is one of the first antidepressants targeting selectively multiple monoamine transporters or receptors. Vilazodone is known to contain a selective serotonin (5-HT) reuptake inhibitor with 5-HT1A receptor partial agonist profile. 10 The purpose of this article is to provide review of clinical studies evaluating vilazodone's role as an antidepressant. We aimed to provide its clinical implications mainly by reviewing published clinical trials. In order to provide unbiased information, we have also included 5 unpublished phase II trials.
GENERAL INFORMATION
Vilazodone's activity is primarily related to its parent drug, and its pharmacokinetics doses are proportional from 5 to 80 mg. 9 Vilazodone is primarily metabolized via hepatic (CYP3A4) system, so its dosage should be reduced to 20 mg/d when used in combination with a strong CYP3A4 inhibitor such as ketoconazole. Pharmacokinetics of vilazodone were similar in participants with mild, moderate, or severe hepatic impairment and healthy controls following a single, 20-mg oral dose of vilazodone. 11 Thus, dose adjustment is not needed for patients with major depressive disorder who have mild, moderate, or severe hepatic impairment. Likewise, another study suggested that no dose adjustment was required for patients having mild to moderate renal dysfunction. 12 Vilazodone's initial recommended daily dosage is 10 mg/d. The dose should be increased gradually to 40 mg/d over 3 weeks in order to prevent gastrointestinal discomfort. There has been no reported data on the use of vilazodone in children, adolescents, or elderly. Vilazodone's general information is summarized in Table 1 .
MECHANISM OF ACTION
The affinity of vilazodone is much higher in the 5-HT reuptake site (Ki=0.1 nM) than in norepinephrine (Ki=56 nM) and dopamine (Ki=37 nM) sites. 13 Therefore, it is known to have SSRI activity and a partial agonist at the 5-HT1A receptor and has been characterized as a serotonin partial agonist-reuptake inhibitor (SPARI). 14 In order to understand its suggested mechanism of action, it is crucial to first review the fact that the pre-and postsynaptic 5HT1A receptors have opposite roles in serotonin turnover; [15] [16] [17] -Pre-synaptic 5HT1A receptors located in raphe nuclei (autoreceptors) → activation cause decrement in serotonin secretion → can be desensitized with chronic stimulation -Post-synaptic 5HT1A receptors located in the hippocampus → activation causes serotonin secretion → does not desensitize with chronic stimulation -In order for an antidepressant to show an effect → extra-neuronal serotonin must first be increased → resulting desensitization of pre-synaptic autoreceptors+ activation of post-synaptic 5HT1A receptors → lead to increase release of serotonin When a conventional antidepressant, such as an SSRI, is administered acutely, serotonin transporters will be blocked causing extra-neuronal serotonin to be increased. However, this increase of 5-HT will be counteracted due to the increased 5-HT which will stimulate the pre-synaptic 5-HT1A autoreceptors initiating neuronal negative feedback mechanisms. 18 This negative feedback mechanism is known to cause therapeutic lag because a minimum of 2-4 weeks is required to overcome the autoreceptor-mediated serotonin inhibition and 5-HT1A autoreceptor down-regulation with SSRI. 19 In this respect, Stahl speculated that vilazodone has three potential benefits owning to its SPARI property including faster onset of action, greater efficacy, and better tolerability, in particular lower sexual side effects (Fig. 1 ). 14 Vilazodone intake may result in quicker and greater desensitization of 5-HT1A autoreceptors without resulting in excess activation of 5-HT1A autoreceptor-mediated serotonin inhibition by acting only as a partial agonist at these receptors, 20, 21 In addition, vilazodone binds to 5-HT1A with a higher affinity in a longer time than serotonin, which also contributes to faster desensitization of 5-HT1A autoreceptors. [22] [23] [24] The quicker and greater desensitization of 5-HT1A autoreceptors, of course, could lead to faster onset of action. 25 Synergistic with its SSRI properties and activating 5-HT1A postsynaptic receptors, vilazodone could yield even more serotonin release leading to greater efficacy. 26 Lastly, activation of 5-HT1A postsynaptic receptors increases in dopamine release, which might contribute to a reduction in sexual dysfunction.
One could argue that similar actions could be obtained by combining SSRI with atypical antipsychotic or a 5-HT1A partial agonist, buspirone. One must realize that administration of vilazodone is not identical to administration of SSRI+atypical antipsychotics because atypical antipsychotics have additional desirable pharmacologic actions and undesirable adverse reactions. In terms of SSRI+bus-pirone, vilazodone is known to be a higher partial 5-HT1A agonist and occupy more 5-HT1A for a longer time than buspirone.
14 However, no head-to-head clinical trials have confirmed that vilazodone has a faster treatment onset, greater efficacy, and better tolerability (lower sexual side effects) than other antidepressants (i.e.: SSRIs and SNRIs).
CLINICAL EVIDENCE

Unpublished phase II studies
Five unpublished studies having almost identical designs (8-week, double-blind, randomized, and placebo-controlled) using vilazodone doses from 5 to 100 mg/d were carried out as part of the phase II program (Table 2) . 13, 27 None of these trials were able to prove statistically significant treatment effects of vilazodone on its primary endpoint, the Hamilton Depression Rating Scale (HDS). However, all active comparators also failed to show superior efficacy over placebo in the three trials with active comparator (trials 244-246). Thus, two studies without an active comparator could be regarded as "negative" studies (trial 247-248), but the three trials with active comparator (trials 244-246) could be recognized as "failed" studies. More importantly, the two fixed-dose trials (trials 246 and 248) showed a possible superior efficacy of vilazodone (20 mg/day) over placebo on the Montgomery Asberg Depression Rating Scale (MADRS), which was the studies' secondary outcome measure. The results also suggested possible dose response relationships; depression symptoms tended to decrease as dose of vilazodone increased from 10 mg/d to 20 mg/d (trial 246, p=.12 and .06 for vilazodone 10 mg and 20 mg respectively; trial 248, p=.73, .12, and .06 for vilazodone 5 mg, 10 mg and 20 mg respectively). These results led the industry to conduct phase III studies using higher, fixed daily doses of vilazodone.
Published randomized clinical studies
Two pivotal 8-week, randomized, double-blind, placebo-controlled phase III trials enabled approval of vilazodone in treatment of MDD. 28, 29 Key inclusion criteria were patients having current MDD episodes of ≥4 weeks and ＜2 years with HDS-17 score ≥22. In the first study by Rickel et al, vilazodone 40 mg/d showed significant, superior efficacy over a placebo in mean changes on the MADRS, HDS, Clinical global impressions-improvement scale (CGI-I), and the Clinical global impressions-severity of illness scale (CGI-S). In addition, significant differences on the MADRS and HDS were observed at week 1. 28 The second study by Khan et al also showed asuperior outcome for vilazodone over the placebo in mean changes in the MADRS, HDS, CGI-I, CGI-S, and Hamilton rating scale for anxiety (HAM-A) total scores. 29 Two pooled studies from the pivotal trials were conducted subsequently. 30, 31 The first pooled analysis aimed to assess the efficacy of vilazodone across a range of symptoms and severities of depression. 30 The study, by including 431 vilazodone treated and 432 placebo treated patients (n=intention to treat population for both groups), compared the efficacy of vilazodone and a placebo. Vilazodone showed significantly greater improvement in depressive symptoms at week 8 (mean change of MADRS) than the placebo (p＜0.0001). In addition, the statistically significant differences were apparent from week 1 (p＜0.01, all weeks). Similar results were also noted for HDS, CGI-S, and CGI-I scores, except for HAM-A which showed significant differ- ences at week 6. A second study retrospectively examined the timing of depressive symptom improvement of vilazodone. 31 This post hoc analysis, which contained pooled data from the two pivotal phase III trials, showed vilazodone's superior efficacy over the placebo in response rates, sustained response rates, and the rate of sustained response+MADRS ＜12. The significant superiority of vilazodone in cumulative response rates was evident from week 1 (p＜0.05), and the time to cumulative response was quicker in the vilazodone group than the placebo group (p＜0.0001).
Two phase IV clinical trials repeated and extended the efficacy and safety of vilazodone in patients with MDD. Mathews et al. 32 conducted a phase IV study to fulfill a post-marketing commitment with the FDA to identify the minimum effective dose of vilazodone. In order to so, the study investigated the efficacy, safety, and tolerability of vilazodone 20 and 40 mg/d in patients with MDD while including citalopram as an active control for assay sensitivity. A total of 1,133 patients with MDD were randomized for vilazodone 20, 40 mg/d, citalopram 40 mg/d, or placebo in a 1:1:1:1 ratio. The results showed that MADRS (Primary efficacy) and CGI-S (Secondary efficacy) changes from baseline to week 10 were significantly greater for vilazodone 20 mg/d, vilazodone 40 mg/d, and citalopram than for the placebo. Croft et al. 33 conducted an 8-week Phase IV RCT to further characterize the efficacy, safety, and tolerability of vilazodone 40 mg/d versus placebo. Mean difference changes from baseline to week 8 was statistically significant for vilazodone versus placebo on MADRS and CGI-S (for both p＜.00001). Moreover, the statistical significant change versus the placebo occurred at week 2 and persisted for the study duration. The MADRS sustained response rate was also higher in vilazodone then in the placebo (p＜.01).
Citrome et al. conducted post-hoc analyses of the phase IV trial by Croft et al. to provide additional information about the effects of vilazodone. 34 The primary efficacy endpoint was a mean change in the MADRS total score. The results showed that significant outcomes were obtained with vilazodone versus the placebo for the MADRS response, remission, and complete remission. In addition, patients meeting remission criteria for HAM-A and CGI-S were also greater for the vilazodone group than for the placebo group. The study suggested that vilazodone at 40 mg/d may help patients with MDD to achieve remission of depression and/or anxiety symptoms. Please see Table 3 for summary of published clinical trials of vilazodone in the treatment of MDD.
Other published studies
Long-term efficacy of vilazodone for MDD were investigated in a 1-year, open-label, multicenter trial containing 599 MDD safety population with a HDS-17 score ≥18. done=3,527, citalopram=12,187, escitalopram=8,275, fluoxetine=10,142, paroxetine=3,146, and sertraline=12,584) . The results showed that all-cause inpatient hospital visits, duration of hospital stays, and frequency of emergency department visits were significantly lower for patients taking vilazodone than for patients taking other SSRIs including citalopram, escitalopram, fluoxetine, paroxetine, and sertraline. In addition, all-cause medical service costs were significantly lower for vilazodone ($758) than for all other SSRI cohorts ($1,165) (p＜0.05) .
A meta-analysis evaluating the efficacy and safety of vilazodone in MDD was published very recently. 36 The meta-analysis, by including 4 RCTs with MDD 28,29,32,33 and 1 with GAD, 37 
SAFETY AND TOLERABILITY
The most frequent adverse events (AE), although varied from study to study, included diarrhea, nausea, vomiting, headache, and insomnia. After pooling the two pivotal 8-week RCTS together, 28 ,29 the discontinuation rates due to AEs were shown to be 7.1% and 3.2%, respectively. 38 the number needed to treat (NNT) values vs. placebo for response and remission were 8 (95% CI 6-16) and 14 (95% CI 8-55) respectively. Number needed hard (NNH) values vs. placebo for frequently observed AEs such as diarrhea, nausea, vomiting and insomnia were 6 (95% Confidence interval, CI 5-8), 6 (95% CI 5-8), 30 (95% CI 18-82) and 26 (95% CI 16-78), respectively. However, the majority of AEs were mild to moderate in their intensities indicating that vilazodone is generally safe and well tolerated (Table 4 ). In addition, an open-label, multicenter study documented that vilazodone 40 mg/day for 1 year was safe and well tolerated in MDD patients. Only one published RCT compared the safety and tolerability of vilazodone with that of another SSRI. 32 The results showed generally comparable rates of discontinuation for vilazodone with citalopram: 6.4% for citalopram, 6.9% for vilazodone 20 mg/d, 8.7% for vilazodone 40 mg/d, and 2.5% for placebo (no statistical analysis was presented). Based on mean change from baseline to end-of-double blind phase (Week 8) using mixed-effects model for repeated measures. *p＜0.05. HAM-A: Hamilton rating scale for anxiety, ITT: intent to treat, RCT: randomized double-blind placebo controlled trials, PBO: placebo, SD: standard deviation, SE: standard error, VLD: vilazodone.
A similar trend was found in a meta-analysis which included 4 RCTs with MDD and 1 RCT with GAD. 36 The study showed that incidences of diarrhea (OR 3.54, 95% CI 2.84-4.45; p＜0.00001) and nausea (OR 3.85, 95% CI 3.00-4.96; p＜0.00001), were higher in the vilazodone group than in the placebo group. In addition, discontinuation due to AEs was significantly higher with vilazodone then the placebo (OR 2.71, 95% CI 1.81-4.05; p＜0.00001). The study added that vilazodone-related diarrhea and nausea were mild or moderate in intensity, and only a very few led to premature discontinuations. The incidence of abnormal laboratory or vital sign changes was low in the vilazodone treated group which was similar to that of the placebo treated group. Thus, the study concluded that treatment with vilazodone was overall well tolerated.
Vilazodone's postsynaptic 5-HT1A receptor actions were speculated to lower the risk of causing sexual side effects and improve depressive symptoms caused from the sexual dysfunctions. [38] [39] [40] [41] Whether or not vilazodone has an advantage over other SSRIs in terms of sexual dysfunction has long been a center of debate. Clayton et al., 42 investigated vilazodone's effects on sexual function in depressed patients by summoning data from the two pivotal phase III RCTS and one open label long-term study. 28, 29, 35 Arizona Sexual Experience Scale (ASEX) or Changes in Sexual Functioning Questionnaire (CSFQ) were used to assess sexual dysfunction. Although changes from baseline to end of treatment for ASEX and CSFQ did not statistically differ between vilazodone and placebo treated groups, significantly more patients on vilazodone (8.0%) reported at least one sexual-function-related TAEs the placebo (0.9%) group (p＜0.001). Mathews et al reported that vilazodone (20 and 40 mg/day) groups had greater improvement on the CSFQ relative to citalopram 40 mg/day and the placebo, but the differences were not statistically significant. 32 Insomnia, another important frequently observed AE of vilazodone, was investigated by analyzing electroencephalogram (EEG) patterns in a randomized crossover study. 43 The study included 10 healthy young men who received either a single dose of vilazodone 20 mg or a placebo. The vilazodone group exhibited significantly less total sleep time which was significant compared to the placebo group (p＜0.01). Rapid eye movement almost totally disappeared in the vilazodone group. These findings suggest that sleep disturbances could happen even at a lower than therapeutic dosage of vilazodone.
BEYOND DEPRESSION: VILAZODONE'S EVIDENCE IN ANXIETY DISORDER
Clinical efficacy
Both 5-HT1A partial agonist, buspirone, and SSRI have proven efficacy for treating anxiety disorders, especially generalized anxiety disorder (GAD). 44, 45 Due to vilazodone's dual mechanisms of action, both of which have been found useful in treating GAD, it has been long been speculated that vilazodone could be effective in patients with GAD. 25 Two studies were recently conducted to verify this important clinical speculation. The first study conducted by Gommoll et al., investigated the efficacy, safety, and tolerability of vilazodone for generalized anxiety disorder in 395 patients [intent-to-treat analysis (ITT), vilazodone n=198 and placebo n=197]. 46 Participants (18-70 years) meeting the Diagnostic and Statistical Manual of Mental Disorders, 4th ed., text revision, criteria for GAD were equally randomized to placebo or flexible-dose vilazodone (20-40 mg/day) groups. The total duration of the study was 10 weeks, which consisted of a 1-week screening, an 8-week double-blind treatment period, and a 1-week double-blind down-taper period. Vilazodone showed significant superior efficacy over the placebo in mean changes on HAM-A from baseline to the end of double-blind treatment (week 8).
The second study comprised of 667 patients with GAD [(ITT), n=223 for vilazodone 20 mg/day, n=223 for vilazodone 40 mg/day, n=221 for placebo]. 37 The results showed that vilazodone 40 mg/d group, but not 20 mg/d group, had significant superior efficacy over placebo group in mean changes on HAM-A from baseline to the end of double-blind treatment (week 8). The outcome summary of these clinical studies is presented in Table 5 . 
Safety and tolerability
In accordance with studies conducted in MDD patients, the most frequent overall AEs in GAD were diarrhea, nausea, vomiting, and headache. The majority of the AEs were mild to moderate in their intensities (Table 6 ). In the first study, more vilazodone-treated patients (83%) than placebo-treated patients (60%) reported treatment-emergent AEs (TEAEs), and the incidence of discontinuation due to AEs was also significantly higher for the vilazodone group than for the placebo group. 46 TEAS associated with sexual function were reported by 4 patients in the vilazodone group and 2 patients in placebo group. All sexual function-related TEAEs were mild or moderate in intensities, and none discontinued treatment due to sexual dysfunction. A similar trend was observed in the second study. 37 The frequency of discontinuation due to AEs was higher for vilazodone 40 mg/d than for the placebo (p＜.05). Sexual function related AEs were also more common in vilazodone-than placebo-treated patients, but discontinuation due to sexual dysfunction were observed equally throughout the three groups (n=1 for vilazodone 20 mg/day, 40 mg/day, placebo). Most sexual function AEs were considered mild or moderate.
EXPERT OPINION
Vilazodone, a novel antidepressant having dual mechanism action on 5-HT reuptake inhibition and 5-HT1A partial agonist, has extended treatment options for MDD. Although all of the phase II trials did not distinguish vilazodone from the placebo in treatment of MDD, its efficacy in depression was later well documented in 4 RCTs (2 Phase III and Phase IV RCTs), 3 post-hoc or pooled analysis, and 1 long-term open label study. Moreover, a meta-analysis indicated vilazodone's superior efficacy over placebo in MADRS, CGI-S, CGI-I, and HAM-A scores in patients with MDD. Likewise, 4 RCTs (2 Phase III and Phase IV RCTs), 1 long-term open label study, and 1 meta-analysis demonstrated vilazodone's safety and tolerability. However, AEs such as diarrhea, nausea, headache, dizziness, dry mouth, and insomnia have been consistently noted throughout the clinical studies rendering attention in clinical practice. the superiority of vilazodone over other antidepressants has yet to be shown through head-to-head studies. Yet, vilazodone has been speculated to have three potential benefits owning to its SPARI properties, which includes faster onset of action, greater efficacy, and better tolerability, and in particular lower sexual side effects. Two pivotal trials, a pooled analysis, and a post-hoc study indeed suggested depressive symptoms could be improved within 1 week after vilazodone administration. In addition, two phase IV trials have also shown that statistically significant improvement versus placebo occurred early in the trial, starting at week 2. However, no direct head-to-head studies have yet con-firmed this putative benefit. Augmenting non-antidepressants having 5-HT1A partial agonist (i.e.: atypical antipsychotics and buspirone) have long been one of the treatment options in patients showing partial or inadequate response to current antidepressants. 3, 47, 48 In this respect, vilazodone could be expected to have greater efficacy in patients with treatment-refractory depression (TRD) without increasing the AE burden due to polypharmacy. 41 Studies comparing the efficacy and tolerability of vilazodone with that of other conventional antidepressants (SSRI and SNRI) should be conducted to shed light on this important issue. Nevertheless, the fact that all-cause inpatient hospital visits, duration of hospital stays, and frequency of emergency department visits were significantly lower for patients taking vilazodone than for patients taking other SSRIs in a claims database study might suggest its greater efficacy over other conventional antidepressants. It is still unclear whether vilazodone has lower risk of causing sexual side effects than conventional antidepressants. Antidepressant-induced sexual dysfunctions are known to increase with prolonged antidepressant use. 49, 50 Likewise, the rate of sexual dysfunction was higher in the 1-year open label study (around 16%) than other short-term RCTs (3-7%). Thus, head-to-head to trials comparing rate of sexual dysfunction between vilazdone with other conventional antidepressants having longer follow-up periods (＞1 year) could be more appropriate.
Two phase III RCTs documented the efficacy and safety of vilazodone in patients with generalized anxiety disorder. The results could be the start of broadening vilazodone's usage or FDA approval in diverse anxiety disorders. In this perspective, vilazodone may be effective in patients with other anxiety disorders, and this speculation should also be established with future studies.
In conclusion, vilazodone is an effective and safe treatment option having novel mechanisms of action in patients with MDD. Relapse prevention effects and long-term efficacy of vilazodone should be established in adequately powered, large RCTs in the near future. More importantly, vilazodone's efficacy and tolerability should be compared with SSRI＋buspirone in well controlled clinical trials.
